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(54)  Reinforcing  laminate. 

©  A  reinforcing  laminate  10,12  comprising  a  core  layer  10 
of  thermoplastic  resin  and  strength  layers  12  of  fabric 
saturated  with  a  styrene  saturant  is  first  produced,  the 
saturant  being  a  solvent-  or  heat-activatable  adhesive  and 
the  fibres  of  the  fabric  being  locked  into  the  resin  layer.  The 
laminate  10,12  is  mouldable  into  complex,  compound  curved 
shapes  and  preferably  simultaneously  bondable  to  substrate 
and  cover  layers  SL,OL  to  provide  a  tough,  water  resistant 
reinforcement  usable  in  outdoor  or  military  boots. 

<  

5  

CM 
O  

Q. 
Ill 

Croydon  Printing  Company  Ltd 

 A   reinforcing  laminate  10,12  comprising  a  core  layer  10 
of  thermoplastic  resin  and  strength  layers  12  of  fabric 
saturated  with  a  styrene  saturant  is  first  produced,  the 
saturant  being  a  solvent-  or  heat-activatable  adhesive  and 
the  fibres  of  the  fabric  being  locked  into  the  resin  layer.  The 
laminate  10,12  is  mouldable  into  complex,  compound  curved 
shapes  and  preferably  simultaneously  bondable  to  substrate 
and  cover  layers  SL,OL  to  provide  a  tough,  water  resistant 
reinforcement  usable  in  outdoor  or  military  boots. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   r e i n f o r c i n g  

l a m i n a t e s ,   p a r t i c u l a r l y   in   c o n n e c t i o n   w i t h   r e i n f o r c i n g  

e l e m e n t s   f o r   s h o e s   and  more   p a r t i c u l a r l y   m i l i t a r y   a n d  

o u t d o o r s m e n ' s   b o o t s   s u b j e c t   to   r u g g e d   l o n g - t e r m   u s e ,  

w a t e r ,   o i l   and  w e a t h e r   e x p o s u r e ,  

In  such   b o o t   or  r e l a t e d   a p p l i c a t i o n ,   t h e   use   o f  

e x t e r n a l   a d h e s i v e s   i s   u n d e s i r a b l e   b e c a u s e   (a)  l o n g - t e r m  

u s a g e   t e n d s   to   d e g r a d e   s u c h   e x t e r n a l   a d h e s i v e s ,   ( b )  

s l o w ,   c o s t l y   p r o c e s s i n g   i s   e n t a i l e d   w i t h   l a t e x   a d h e s i v e s ,  

(c)  c r i t i c a l   t i m e / t e m p e r a t u r e / p r e s s u r e   r e l a t i o n s h i p s  

d u r i n g   m a n u f a c t u r e   a r e   o f t e n   r e q u i r e d ,   and  (d)  r e s i d u a l  

t h e r m o s e n s i t i v i t y   of   h o t   m e l t   a d h e s i v e s   i s   a  f u r t h e r  

h a n d i c a p .   The  r e q u i r e m e n t   i s   n o t   c o m p l e t e l y   met   by  i o n i c  

r e s i n   s t i f f e n i n g   e l e m e n t s   as  d e s c r i b e d   in   U.S .   P a t e n t   N o .  

3  427  733  to   B e c k w i t h .   O l d e r   more  t r a d i t i o n a l   m a t e r i a l s  

s u c h   as  t h e   p o l y e t h y l e n e   r e i n f o r c e d   f a b r i c   of  U . S .   P a t e n t  

N o .  2   734  289  to   H e a t o n   e t  a l . ,   as  w e l l   as  c a r d b o a r d   o r  

r u b b e r ,   h a v e  a l s  p r o v e n   i n a d e q u a t e .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  l a m i n a t e   c o m p r i s i n g  

a t   l e a s t   one  l a y e r   of   t h e r m o p l a s t i c   r e s i n   and  a t   l e a s t  

one  s o l v e n t -   or  h e a t - a c t i v a t a b l e   a d h e s i v e   i m p r e g n a t e d  

c l o t h   l a y e r ,   t h e   l a y e r s   b e i n g   b o n d e d   to   e a c h   o t h e r   a t  

l e a s t   in  p a r t   t h r o u g h   l o c k i n g   of  c l o t h   f i b r e   p o r t i o n s   o f  

t h e   c l o t h   l a y e r   i n t o   t h e   a d j a c e n t   r e s i n   l a y e r   and  t h e  

a d h e s i v e   i m p r e g n a n t   c o m p r i s i n g   a  s t y r e n e   s a t u r a n t   w h i c h  



i s   c a p a b l e   of   i m p r e g n a t i o n   i n t o   t h e   c l o t h   l a y e r   in   l i q u i d  

f o r m   and  h a r d e n a b l e   t h e r e i n   t o   f o r m   a  s t i f f   s o l i d   l a y e r .  

The  i n v e n t i o n   a l s o   p r o v i d e s   a  p r o c e s s   of   m a k i n g   a  

l a m i n a t e ,   t h e   p r o c e s s   c o m p r i s i n g   e x t r u d i n g   a  t h e r m o s  

p l a s t i c   r e s i n   to   fo rm  a  r e s i n   l a y e r ,   a d h e r i n g   a  c l o t h  

l a y e r   to   t h e   f r e s h l y - e x t r u d e d   r e s i n   l a y e r  a n d   i m p r e g n a t i n g  

t h e   c l o t h   l a y e r   w i t h   a  s o l v e n t -   o r   h e a t - a c t i v a t a b l e  

a d h e s i v e   c o m p r i s i n g   a  s t y r e n e   s a t u r a n t   w h i c h   i s   c a p a b l e  

of   i m p r e g n a t i o n   i n t o   t h e   c l o t h   l a y e r   in   l i q u i d   f o rm  a n d  

h a r d e n a b l e   t h e r e i n   to   f o rm  a  s t i f f   l a y e r .  

The  s a t u r a n t   may  c o m p r i s e   s t y r e n e   or   a  m i x t u r e   o f  

s t y r e n e   and  one  or  more   c o p o l y m e r i s a b l e   m o n o m e r s ,  
The  p r e s e n t   i n v e n t i o n   c a n   t h u s   p r o v i d e   a  m o u l d a b l e ,  

s t i f f   r e i n f o r c i n g   l a m i n a t e   w h i c h   can   be  w a t e r ,   o i l ,  

i m p a c t   and  w e a t h e r   r e s i s t a n t .   The  l a m i n a t e   can   be  s e l f -  

a d h e r i n g   to   a  c a r r i e r   s u r f a c e   o r   s u b s t r a t e   a n d / o r   c o v e r  

l a y e r   to   be  r e i n f o r c e d   by  t h e   a d h e r e d   l a y e r .   The  l a m i n a t e  

may  be  p r o d u c e d   a t   a  h i g h   r a t e   and   u t i l i z i n g   i n e x p e n s i v e  

c o m p o n e n t s   and  m a t e r i a l s .  

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   c l o t h   i s   l a m i n a t e d  

w i t h   a  t h e r m o p l a s t i c   r e s i n   l a y e r   and  t h e n   s a t u r a t e d   w i t h  

a  s o l v e n t -   or   h e a t - a c t i v a t a b l e   a d h e s i v e   and  s t i f f e n i n g  

m a t e r i a l ,   p r e f e r a b l y   s t y r e n e   w h i c h   i s   a c t i v a t a b l e   b y  

a r o m a t i c   s o l v e n t s   or   t h r o u g h   h e a t   a c t i v a t i o n .   P r e f e r a b l y  

two  s u c h   f a b r i c   l a y e r s   a r e   b o n d e d   to   a  f r e s h l y   e x t r u d e d  

r e s i n   l a y e r   t o   s a n d w i c h   i t   as  d r a w n   f rom  an  e x t r u d e r .  

The  p r e l i m i n a r y   l a m i n a t e   t h u s   f o r m e d   i s   t h e n   c a u s e d   t o  

be  s a t u r a t e d   in  i t s   f a b r i c   l a y e r ( s )   w i t h   a  s o l v e n t -   o r  

h e a t - a c t i v a t a b l e   a d h e s i v e   i m p r e g n a n t   to   p r o d u c e   a  f i n a l  

l a m i n a t e .   T h e  f i n a l   l a m i n a t e   t h u s   f o r m e d   can  be  s h i p p e d  

in   r o l l s   and  s p r e a d   and  c u t   to   d e s i r e d   f o r m s   by  u s e r s  

f o r   m o u l d i n g   and  a d h e s i v e l y   b o n d i n g   to   a  s u p p o r t i n g  

s u b s t r a t e   and   ( o p t i o n a l l y )   o v e r l a p p i n g   w i t h   a  c o v e r   o r  

l i n e r ,   a l s o   by  a d h e s i v e   b o n d i n g .   The  a d h e s i o n   can  b e  

a f f o r d e d   b y  



p r e l i m i n a r y   s o l v e n t -   or   h e a t - a c t i v a t i n g   ( p r e f e r a b l y  

s o l v e n t - a c t i v a t i n g )   a t   l e a s t   one  of  t h e   i m p r e g n a n t   l a y e r s  

p r i o r   to   p r e s s u r e   and  h e a t   a c t i v a t i o n   of   t h e   l a m i n a t e   i n  

t h e   c o u r s e   of  m o u l d i n g .  

The  f a b r i c   p r o v i d e s   e x p o s e d   f i b r o u s   e n d s   w h i c h   c a n  

a d e q u a t e l y   bond   to   f r e s h l y   e x t r u d e d   c o r e   r e s i n   a n d  

p e n e t r a t e   t h e r e w i t h i n   f o r   g e o m e t r i c   l o c k i n g   b e t w e e n   t h e  

f a b r i c   and  s u c h   c o r e   r e s i n   to   a d h e r e   t h e   f a b r i c   l a y e r   t o  

t h e   r e s i n   b e f o r e   and  a f t e r   i m p r e g n a t i n g   t h e   f a b r i c .  

P r e f e r a b l y   t h e   r e s i n   l a y e r   i s   an  i o n i c   c o p o l y m e r  

of  a  monomer   f e e d   c o m p r i s i n g   a t   l e a s t   50  mole   p e r c e n t  

of  an  a - o l e f i n   h a v i n g   t h e   g e n e r a l   f o r m u l a   RCH  =  CH2 
w h e r e   R  i s   s e l e c t e d   f r o m   t h e   c l a s s   c o n s i s t i n g   of   h y d r o g e n  

and  1  to  8  c a r b o n   a tom  a l k y l   r a d i c a l s ,   0 . 1 2   t o   25  m o l e  

p e r c e n t   of  an  @ , 8 - e t h y l e n i c a l l y   u n s a t u r a t e d   m o n o -  

c a r b o x y l i c   a c i d   and  0 . 2   to   25  mole   p e r c e n t   of  an  a , B -  

e t h y l e n i c a l l y   u n s a t u r a t e d   d i - c a r b o x y l i c   a c i d ,   t h e  

c o p o l y m e r s   h a v i n g   a t   l e a s t   a  u n i f o r m l y   d i s t r i b u t e d   10  

p e r c e n t   of  t h e   c a r b o x y l i c   a c i d   g r o u p s   of  t h e   mono-   a n d  

d i - c a r b o x y l i c   a c i d s   t h e r e i n   n e u t r a l i z e d   by  m e t a l   i o n s  

of  1  to  3  v a l e n c e .  

The  t o u g h   r e s i n   l a y e r   may  a l s o   be  a  t h e r m o p l a s t i c  

h y d r o c a r b o n   r e s i n   d e r i v e d   f rom  o l e f i n   monomer   d e s c r i b e d  

in  U .S .   P a t e n t   N o .  3   427  733  of  F e b r u a r y   18,  1979  t o  

B e c k w i t h   d e s c r i b i n g   a  l a m i n a t e   of  s u c h   r e s i n   w i t h   f a b r i c  

a f f o r d i n g   a d v a n t a g e s   in   a  s t i f f e n i n g   e l e m e n t .   S u c h  

m a t e r i a l ,   an  " i o n o m e r i c   r e s i n "   i n c o r p o r a t i n g   t h e r e i n  

i o n i c   b o n d s   in  a  t h e r m o p l a s t i c   p o l y m e r   r e s i n ,   may  b e  

more  f u l l y   d e s c r i b e d   as  an  i o n i c   c o p o l y m e r   s e l e c t e d   f r o m  

t h e   c l a s s   c o n s i s t i n g   of   p o l y m e r s   of   a - o l e f i n s   h a v i n g   t h e  

g e n e r a l   f o r m u l a   RCH  =CH2  w h e r e   R  i s   a  r a d i c a l   s e l e c t e d  

f rom  t h e   c l a s s   c o n s i s t i n g   of  h y d r o g e n   and  a l k y l   r a d i c a l s  

h a v i n g   f rom  1  to   8  c a r b o n   a t o m s ,   t h e   o l e f i n   c o n t e n t   o f  

t h e   p o l y m e r   b e i n g   a t   l e a s t   50  mole   p e r c e n t ,   b a s e d   on  t h e  

p o l y m e r ,   and  an  a , B - e t h y l e n i c a l l y   u n s a t u r a t e d   m o n o -  

c a r b o x y l i c   a c i d ,   t h e   a c i d   monomer  c o n t e n t   of  t h e   p o l y m e r  



b e i n g   f r o m   0 .2   to   25  m o l e   p e r c e n t ,   b a s e d   on  t h e   p o l y m e r ,  

t h e   m o n o m e r - c a r b o x y l i c   a c i d   p o l y m e r   c o n t a i n i n g   u n i f o r m l y  

d i s t r i b u t e d   t h r o u g h   t h e   p o l y m e r   a  m e t a l   i on   h a v i n g   a  

v a l e n c e   o f   1  to   3  i n c l u s i v e ,   and   p o l y m e r s   of   s a i d   o l e f i n  

c o n t e n t   and  a  @ , 8 - e t h y l e n i c a l l y   u n s a t u r a t e d   d i c a r b o x y l i c  

a c i d ,   t h e   a c i d   c o n t e n t   of   t h e   p o l y m e r   b e i n g   f rom  0 .2   t o  

25  m o l e   p e r c e n t   b a s e d   on  t h e   p o l y m e r ,   t h e   d i c a r b o x y l i c  

a c i d   c o p o l y m e r   c o n t a i n i n g   u n i f o r m l y   d i s t r i b u t e d   t h r o u g h -  

o u t   t h e   p o l y m e r   a  m o n o - v a l e n t   m e t a l   i o n ,   in   w h i c h   a t  

l e a s t   10  p e r c e n t   of  t h e   c a r b o x y l i c   a c i d   g r o u p s   of  t h e  

m o n o v a l e n t   and  d i v a l e n t   c a r b o x y l i c   a c i d   p o l y m e r s   a r e  

n e u t r a l i z e d   by  t h e   m e t a l   i o n s .  

O t h e r   u s a b l e   c o r e   l a y e r s   in   l i e u   of  t h e   a b o v e  

d e s c r i b e d   i o n o m e r i c   r e s i n   i n c l u d e   p o l y e t h y l e n e ,   p o l y -  

p r o p y l e n e ,   e t h y l e n e - v i n y l - a c e t a t e ,   e t h y l e n e - e t h y l -  

a c r y l a t e ,   a c r y l o n i t r i l e - b u t a d i e n e - s t y r e n e ,   and  v a r i o u s  

f o r m u l a t e d   b l e n d s   of  t h e   a b o v e ,   a l l   t h e   f o r e g o i n g  

p r e f e r a b l y   b e i n g   in   t h i c k n e s s e s   r a n g i n g   f rom  0 . 2 5   mm  t o  

1.3  mm  ( 0 . 0 1 0   to   0 . 0 5 0   i n c h e s ) .   Such  m a t e r i a l s   in   s u c h  

t h i c k n e s s e s   w o u l d   n o r m a l l y   be  i n a d e q u a t e ,   e i t h e r   a l o n e ,  

or  as   l a m i n a t e d   to   c l o t h   l a y e r s ,   f o r   m o d e r n   s t a n d a r d s  

of  box  and   t o e   c o u n t e r   u s a g e   in   m o s t   m o d e r n   a p p l i c a t i o n s ,  

p a r t i c u l a r l y   m i l i t a r y   b o o t   u s a g e ,   b u t   can   be  p r o v i d e d   i n  

i m p r o v e d   and  a c c e p t a b l e   f o r m   in   more  a p p l i c a t i o n s   by  t h e  

p r e s e n t   i n v e n t i o n .  

P r e f e r a b l y ,   t h e   i o n o m e r i c   c o r e   l a y e r   has   a  t h i c k n e s s  

of  0 . 2 5   mm  to   1 .3   mm  ( 0 . 0 1 0   to   0 . 0 5 0   i n c h e s ) ,   and  can   b e  

1/2  to   2 / 3   of  t h e   t h i c k n e s s e s   of  s u c h   r e s i n   l a y e r s  

e m p l o y e d   in   t h e   c o n t e x t   o f   p r a c t i c a l   c o m m e r c i a l   u s e  

( 0 . 6 4   mm  ( 0 . 0 2 5   i n c h e s )   and   h i g h e r )   of  t h e   i n v e n t i o n  

r e c i t e d   in   t h e   s a i d   B e c k w i t h   p a t e n t .   S i m i l a r   r e d u c t i o n s  

of  t h i c k n e s s   can   be  made  i n   e q u i v a l e n t   f a s h i o n   w h e n  

u s i n g   t h e   o t h e r   c o r e   m a t e r i a l s   m e n t i o n e d   a b o v e .  

E a c h   c l o t h   l a y e r   may  c o m p r i s e   w o v e n ,   n o n w o v e n ,   s p u n -  

b o n d e d ,   s p u n l a c e d ,   s t i t c h b o n d e d ,   m e l t - b o n d e d ,   c h e m i c a l l y  

b o n d e d   and  n e e d l e d   l a y e r s   of   c o t t o n ,   r a y o n ,   n y l o n ,   p o l y -  



e s t e r ,   p o l y p r o p y l e n e   and  b l e n d s   of  t h e   a b o v e .   W e i g h t  

r a n g e s   can  be  f rom  34  gm-2  to   270  gm-2  (1  oz  y d - 2   to   8  o z  
y d - 2 ) .   The  i m p r e g n a n t   may  be  p o l y s t y r e n e   p e r   se  or   m a y  

c o m p r i s e   c o p o l y m e r s   of  s t y r e n e   w i t h   one   or   more   o t h e r  

c o m o n o m e r s ,   f o r   e x a m p l e   b u t a d i e n e s ,   a c r y l o n i t r i l e   a n d  

a c r y l a t e s .  

S t y r e n e - b u t a d i e n e ,   s t y r e n e - a c r y l o n i t r i l e ,   s t y r e n e -  

a c r y l a t e ,   a c r y l o n i t r i l e - b u t a d i e n e ,   p o l y v i n y l   a c e t a t e   a n d  

p o l y v i n y l   a l c o h o l   s a t u r a t e d   f a b r i c s   a r e   p e r   se  known  a s  

r e i n f o r c i n g   m a t e r i a l s   f o r   s h o e   c o u n t e r s   and  box  t o e s .  

P r e f e r a b l y   100%  p o l y s t y r e n e   or   a  90-10%  (by  w e i g h t )  

p o l y s t y r e n e - b u t a d i e n e   c o p o l y m e r   i s   e m p l o y e d .   P o l y s t y r e n e  

i s   a c t i v a t a b l e   in   a r o m a t i c   s o l v e n t s .   P r e f e r a b l y   one  o f  

t o l u e n e ,   m e t h y l   e t h y l   k e t o n e ,   m e t h y l e n e   c h l o r i d e   o r  

1 , 1 , 1 - t r i c h l o r o e t h a n e   i s   u t i l i z e d .   The  a c t i v a t i o n   m a y  

be  e f f e c t e d   by  s u r f a c e   c o a t i n g   t h e   p o l y s t y r e n e   w i t h  

s o l v e n t   or  d i p p i n g   t h e   p o l y s t y r e n e   l a y e r   (and  any  o t h e r  

l a y e r   l a m i n a t e d   t h e r e t o )   i n t o   t h e   s o l v e n t .   H e a t   a c t i v a -  

t i o n   may  be  u s e d   a d d i t i o n a l l y   or  in   l i e u   of  s o l v e n t  

a c t i v a t i o n   f o r   p o l y s t y r e n e   or  o t h e r   f a b r i c   s a t u r a n t s .  

As  u s e d   h e r e i n ,   " h e a t   a c t i v a t i o n "   i n c l u d e s   r a d i a t i o n   a s  

w e l l   as  c o n d u c t i v e ,   c o r r e c t i v e ,   r a d i a n t   and  e x t e r n a l  

h e a t i n g   and  c h e m i c a l   i n t e r n a l   h e a t i n g .  

The  i n v e n t i o n   w i l l   now  be  f u r t h e r   d e s c r i b e d   by  w a y  
of  e x a m p l e   o n l y   w i t h   r e f e r e n c e   to   t h e   d r a w i n g   of   w h i c h  

t h e   s i n g l e   f i g u r e   i s   a  h i g h l y   s c h e m a t i c   c r o s s - s e c t i o n  

t h r o u g h   a  r e i n f o r c i n g   l a m i n a t e   e m b o d y i n g   t h e   p r e s e n t  

i n v e n t i o n .  

The  l a m i n a t e   of  t h e   d r a w i n g   c o m p r i s e s   a  c o r e   10  o f  

i o n o m e r i c   r e s i n   as  d e s c r i b e d   a b o v e   s a n d w i c h e d   b e t w e e n  

s a t u r a t e d   f a b r i c   l a y e r s   12,  e a c h   of   w h i c h   c o m p r i s e s   a  

n o n - w o v e n   or   woven  f a b r i c   14.  The  i o n o m e r i c   r e s i n   l a y e r  

i s   p r o d u c e d   as  d e s c r i b e d   in  U . S .   P a t e n t   N o .  3   264  2 7 2  

to   Rees   and  e x t r u d e d   as  m e n t i o n e d   in   t h e   B e c k w i t h   p a t e n t .  

The  f a b r i c   l a y e r s   a r e   a p p l i e d   in  c o n t a c t   to   t h e   i o n o m e r i c  

r e s i n   l a y e r   to   fo rm  an  i n i t i a l   l a m i n a t e .   T h e  



r e s u l t i n g   a s s e m b l a g e   i s   t h e n   p a s s e d   t h r o u g h   w a t e r - b a s e  

l a t e x   s t y r e n e   t o   f o r m   a  f i n a l   l a m i n a t e .   O p t i o n a l l y   t h e  

f i n a l   l a m i n a t e   p r o d u c t   may  be  p o s t   c a l e n d a r e d   w i t h   a  

h i g h   p r e s s u r e   r o l l e r   a t   room  or   e l e v a t e d   t e m p e r a t u r e .  

T h e r e   a r e   e x p o s e d   e n d s   of  t h e   f a b r i c   14  w h i c h   l o c k  

i n t o   t h e   i o n o m e r i c   r e s i n   l a y e r   10  and  e n h a n c e   b o n d i n g  

g e n e r a l l y   b e t w e e n   t h e   r e s i n   l a y e r   10  and  t h e   f a b r i c   14 

and  t h u s   w i t h   l a y e r s   12.  The  l a m i n a t e   so  p r o d u c e d   can   b e  

r o l l e d   up  f o r   s h i p p i n g ,   c u t   to   d e s i r e d   s h a p e s   s u c h   as  f o r  

c o u n t e r s ,   box  t o e   b l a n k s   and  t h e   l i k e   and  p r e p a r e d   f o r  

m o u l d i n g   by  t h e   u s e r   by  s o l v e n t   a c t i v a t i n g   or  h e a t  

a c t i v a t i n g   t h e   s a t u r a n t   of   t h e   s a t u r a t e d   f a b r i c   l a y e r ,  

t h e   a p p l i c a t i o n   of   s o l v e n t   or  h e a t   b e i n g   i n d i c a t e d   by  t h e  

a r r o w s   S /R.   In  t h e   c a s e   of  p o l y s t y r e n e   s a t u r a n t ,   t h e  

d i p p i n g   of   t h e   l a m i n a t e   as  a  w h o l e   in  a r o m a t i c   s o l v e n t s  

c a u s e s   s u b s t a n t i a l   s o f t e n i n g   of  t h e   s a t u r a n t   c a u s i n g   i n  

t u r n   p a r t i c u l a r l y   d e s i r a b l e   m o u l d i n g   p r o p e r t i e s   as  w e l l  

as  a d h e s i v e   p r o p e r t i e s .   The  c u t - t o - s h a p e   l a m i n a t e   p o r t i o n  

as  a  w h o l e   c an   be  h e a t e d   and  p r e s s e d   in   t h e   m o u l d i n g  

a p p a r a t u s   f o r   f u r t h e r   s o f t e n i n g   t o  e n a b l e   m o u l d i n g   of   t h e  

l a m i n a t e   as  a  w h o l e   to   a  d e s i r e d   s h a p e   and  to   e f f e c t  

a d h e s i v e   b o n d i n g   of   t h e   f a b r i c   l a y e r s   14  to   a  s u b s t r a t e  

l a y e r   SL  a n d / o r   t o   an  o v e r l a y e r   or   c o v e r   l a y e r   OL  v i a   t h e  

i m p r e g n a n t s .   The  s t e p s   of  s u b s t r a t e   a n d / o r   l i n e r  

a d h e s i v e   b o n d i n g   c a n   be  made  s i m u l t a n e o u s l y   w i t h   t h e  

m o u l d i n g   of   t h e   l a m i n a t e   or  p r o m p t l y   t h e r e a f t e r   in   a  

s e p a r a t e   s t e p   w h i l e   t h e   a d h e s i v e   a c t i v i t y   i s   h i g h .  

The  r e s u l t i n g   r e i n f o r c i n g   e l e m e n t   or   r e i n f o r c i n g  

e l e m e n t / c a r r i e r   c o m b i n a t i o n   ( e . g . ,   a  m i l i t a r y   b o o t  

c o m p o n e n t )   c an   a f f o r d   a  l o n g ,   r e l i a b l e   s e r v i c e   l i f e  

w i t h   g r e a t e r   r e s i s t a n c e   to   e x t r e m e   c o n d i t i o n s   o f  

w e a t h e r i n g , . o i l   e x p o s u r e   and  h e a v y   u s a g e ,   p a r t i c u l a r l y  

o v e r c o m i n g   t h e   p r o b l e m   of  m o i s t u r e   v u l n e r a b i l i t y   a n d  

i m p a c t   r e s i s t a n c e   w h i c h   has   b e e n   a  w e a k n e s s   of  h i t h e r t o  

known  p r o d u c t s .  

The  s o l v e n t   a c t i v a t i o n   can  be  done   a t   room  t e m p e r a t u r e  



and   f o l l o w e d   by  a  d r y i n g   p e r i o d   t h a t   can   be  c o n t r o l l e d   t o  

be  f a s t   or   s l o w   d e p e n d i n g   upon   t h e   s o l v e n t   s e l e c t e d   a n d  

t h e   p r o d u c t   d e n s i t y .   The  p o l y s t y r e n e / f a b r i c   l a y e r s  

e x h i b i t   h i g h   s t i f f n e s s   and  a d h e s i v e   p r o p e r t i e s   w h i l e   t h e  

n e c e s s a r y   t o u g h n e s s   in   t h e   c o n t e x t   o f   s u c h   l a m i n a t e   u s a g e  
i s   p r o v i d e d   by  t h e   i o n o m e r i c   r e s i n   c o r e .   The  c o m b i n a t i o n  

as  a  w h o l e   a v o i d s   t h e   use   of  h o t   m e l t   a d h e s i v e s   f o r  

b o n d i n g   t h e   r e i n f o r c e m e n t   to   a  s u b s t r a t e ,   t h e   b o n d i n g  

b e i n g   e f f e c t e d   s u b s t a n t i a l l y   s o l e l y   t h r o u g h   t h e   a d h e s i v e  

s t y r e n e ,   u t i l i z e s   l e s s   s t y r e n e   t h a n   in   c o n v e n t i o n a l  

s t y r e n e / f a b r i c   r e i n f o r c e m e n t s ,   e l i m i n a t e s   h e a t   a n d  

m o i s t u r e   s e n s i t i v i t y   t h r o u g h   e l i m i n a t i o n   of   h o t   m e l t  

a d h e s i v e s ,   a l l o w s   u se   of  l e s s   i o n o m e r i c   r e s i n   or  o t h e r  

r e s i n   t h a n   in   c o n v e n t i o n a l   r e s i n   r e i n f o r c e m e n t s   and  o n  
t h e   w h o l e   p r o v i d e s   b e t t e r   b o n d i n g   b e t w e e n   i n t e g r a l   p a r t s  

of   t h e   r e i n f o r c e d   (and  o p t i o n a l l y   o v e r l a i d   w i t h   a  l i n e r )  

s u b s t r a t e   c o m b i n a t i o n   t h a n   in  c o n v e n t i o n a l   c o m b i n a t i o n s  

of   s u c h   t y p e   and  w i t h i n   t h e   r e i n f o r c e m e n t ,   p e r   s e .  

The  c o m b i n a t i o n   f u r t h e r   a l l o w s   a  f a s t e r   s h o e - m a k i n g  

p r o c e s s   b e c a u s e   t h e   t o e s   a r e   h e l d   f i r m   by  t h e   p l a s t i c  

c o r e   w h i l e   t h e   a c t i v a t e d   s t y r e n e   a d h e s i v e   l a y e r   i s  

" s e t t i n g " .   T h i s   means   t h a t   s u b s e q u e n t   s h o e - m a k i n g   s t e p s  

can   p r o c e e d   more  r a p i d l y   t h a n   w i t h   c o n v e n t i o n a l   s t y r e n e  

t o e s   w h i c h   m u s t   be  a l l o w e d   to   age  u n t i l   f i r m n e s s   h a s  

d e v e l o p e d .  



1.  A  l a m i n a t e   c o m p r i s i n g   a t   l e a s t   one  l a y e r   of  t h e r m o -  

p l a s t i c   r e s i n   a n d   a t   l e a s t   one  s o l v e n t -   or   h e a t -  

a c t i v a t a b l e   a d h e s i v e   i m p r e g n a t e d   c l o t h   l a y e r ,   t h e   l a y e r s  

b e i n g   b o n d e d   t o   e a c h   o t h e r   a t   l e a s t   in   p a r t   t h r o u g h  

l o c k i n g   of   c l o t h   f i b r e   p o r t i o n s   of  t h e   c l o t h   l a y e r   i n t o  

t h e   a d j a c e n t   r e s i n   l a y e r   and  t h e   a d h e s i v e   i m p r e g n a n t  

c o m p r i s i n g   a  s t y r e n e   s a t u r a n t   w h i c h   i s   c a p a b l e   o f  

i m p r e g n a t i o n   i n t o   t h e   c l o t h   l a y e r   in   l i q u i d   f o rm  a n d  

h a r d e n a b l e   t h e r e i n   to   f o r m  a   s t i f f   s o l i d   l a y e r .  

2.  A  l a m i n a t e   a c c o r d i n g   to   c l a i m   1,  in   w h i c h   t h e   t h e r m o -  

p l a s t i c   r e s i n   i s   an  i o n i c   c o p o l y m e r   of   a  monomer   f e e d  

c o m p r i s i n g   a t   l e a s t   50  mole   p e r c e n t   of   an  a - o l e f i n  

h a v i n g   t h e   g e n e r a l   f o r m u l a   RCH  =  C H 2  w h e r e   R  i s   s e l e c t e d  

f rom  t h e   c l a s s   c o n s i s t i n g   of  h y d r o g e n   and   1  to   8  c a r b o n  

a tom  a l k y l   r a d i c a l s ,   0 . 1 2   to   25  mole   p e r c e n t   of  an  @ , 8 -  

e t h y l e n i c a l l y   u n s a t u r a t e d   m o n o c a r b o x y l i c   a c i d   and  0 . 2   t o  

25  mole   p e r c e n t   o f   an  @ , 8 - e t h y l e n i c a l l y   u n s a t u r a t e d   d i -  

c a r b o x y l i c   a c i d ,   t h e   c o p o l y m e r s   h a v i n g   a t   l e a s t   a  u n i f o r m l y  

d i s t r i b u t e d   10  p e r c e n t   of  t h e   c a r b o x y l i c   a c i d   g r o u p s   o f  

t h e   mono-   and  d i - c a r b o x y l i c   a c i d s   t h e r e i n   n e u t r a l i z e d   b y  

m e t a l   i o n s   of   1  t o   3  v a l e n c e .  

3.  A  l a m i n a t e   a c c o r d i n g   to   c l a i m   1  or   c l a i m   2,  w h e r e i n  

t h e   r e s i n   l a y e r   i s   s a n d w i c h e d   b e t w e e n   two  i m p r e g n a t e d  

c l o t h   l a y e r s   b o n d e d   to   t h e   r e s i n   l a y e r .  

4.  A  l a m i n a t e   a c c o r d i n g   to   c l a i m   1,  2  or   3  h a v i n g   a  

s u b s t r a t e   l a y e r   a d h e s i v e l y   b o n d e d   to   an  i m p r e g n a t e d   c l o t h  

l a y e r   s u b s t a n t i a l l y   s o l e l y   by  t h e   a d h e s i v e   of   t h e  

i m p r e g n a t e d   c l o t h   l a y e r .  

5.  A  l a m i n a t e   a c c o r d i n g   to   c l a i m   3,  h a v i n g   r e s p e c t i v e  

s u b s t r a t e   and  c o v e r   l a y e r s   a d h e s i v e l y   b o n d e d   to   t h e  

i m p r e g n a t e d   c l o t h   l a y e r s   s u b s t a n t i a l l y   s o l e l y   by  t h e  

a d h e s i v e   of   t h e   i m p r e g n a t e d   c l o t h   l a y e r s .  

6.  A  l a m i n a t e   a c c o r d i n g   to  a n y  o n e   of   c l a i m s   1  to   5 ,  

w h e r e i n   t h e   r e s i n   l a y e r   has   a  t h i c k n e s s   of   0 . 2 5   to   1 .3  mm 

( 0 . 0 1 0   to   0 . 0 5 0   i n c h e s ) .  



7.  A  p r o c e s s   of  m a k i n g   a  l a m i n a t e ,   t h e   p r o c e s s   c o m p r i s i n g  

e x t r u d i n g   a  t h e r m o p l a s t i c   r e s i n   to   fo rm  a  r e s i n   l a y e r ,  

a d h e r i n g   a  c l o t h   l a y e r   t o   t h e   f r e s h l y - e x t r u d e d   r e s i n  

l a y e r   and   i m p r e g n a t i n g   t h e   c l o t h   l a y e r   w i t h   a  s o l v e n t s  

or   h e a t - a c t i v a t a b l e   a d h e s i v e   c o m p r i s i n g   a  s t y r e n e  

s a t u r a n t   w h i c h   i s   c a p a b l e   of   i m p r e g n a t i o n   i n t o   t h e   c l o t h  

l a y e r   in   l i q u i d   fo rm  and  h a r d e n a b l e   t h e r e i n   to   fo rm  a  

s t i f f   l a y e r .  

8.  A  p r o c e s s   a c c o r d i n g   t o   c l a i m   7,  i n c l u d i n g   a c t i v a t i n g  

t h e   a d h e s i v e   of  t h e   c l o t h   l a y e r   and  b o n d i n g   by  t h e  

a c t i v a t e d   a d h e s i v e   a  s u b s t r a t e   l a y e r   t o   t h e   c l o t h   l a y e r .  

9.  A  p r o c e s s   a c c o r d i n g   t o   c l a i m   8,  in   w h i c h   t h e   a c t i v a -  

t i o n   of  t h e   a d h e s i v e   of   t h e   c l o t h   l a y e r   and   t h e   b o n d i n g  

of  t h e   s u b s t r a t e   l a y e r   a r e   c a r r i e d   o u t   s i m u l t a n e o u s l y .  

10.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   7,  8  or   9  in   w h i c h   t h e  

a d h e s i v e   i s   s o l v e n t   a c t i v a t a b l e .  

11.  A  p r o c e s s   a c c o r d i n g   t o   c l a i m   10,  i n c l u d i n g   i m p r e g n a t i n g  

t h e   c l o t h   l a y e r   w i t h   a  s o l v e n t - a c t i v a t a b l e   a d h e s i v e ,  

s o l v e n t - a c t i v a t i n g   t h e   a d h e s i v e   and  b o n d i n g   t h e   s u b s t r a t e  

l a y e r   to   t h e   c l o t h   l a y e r   by  t h e   a p p l i c a t i o n   of  h e a t   a n d  

p r e s s u r e .  

12.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   10  or  11,  in   w h i c h   t h e  

c l o t h   l a y e r   i s   i m p r e g n a t e d   w i t h   p o l y s t y r e n e   w h i c h   i s  

a c t i v a t e d   by  a r o m a t i c   s o l v e n t   a c t i v a t i o n .  

13.  A  p r o c e s s   a c c o r d i n g   t o   c l a i m   12,  in   w h i c h   t h e   s o l v e n t  

i s   t o l u e n e ,   m e t h y l   e t h y l   k e t o n e ,   m e t h y l e n e   c h l o r i d e   o r  

1 , 1 , 1 - t r i c h l o r o e t h a n e .  

14.  A  p r o c e s s   a c c o r d i n g   to   a n y  o n e   of  c l a i m s   8  to   13,  i n  

w h i c h  t h e  l a m i n a t e   i s   m o u l d e d   to   p r o d u c e   a  s h a p e d   p r o d u c t  

c o m p r i s i n g   r e s i n ,   c l o t h   and   s u b s t r a t e   l a y e r s .  

15.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   14,  in  w h i c h   t h e  

m o u l d i n g   i s   c a r r i e d   o u t   s i m u l t a n e o u s l y   w i t h   t h e   b o n d i n g  

of  a  s u b s t r a t e   l a y e r   to   t h e   c l o t h   l a y e r .  
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